The obvious nutritional disturbance in this group of diseases readily suggests some dysfunction in the digestive tract as the fundamental cause. As early as 1889, Gibbons3", after much experience with the cceliac affection in children, sought to explain the condition as a nervous derangement affecting all the digestive secretions. He mentions, without emphasis, the possibility of a lack of pancreatic secretion.
The relation of the pancreas to the presence of free fat in the stools has been recognized since Kunzman4" first used the term "stearrhea" in describing a case of fatty diarrhea showing at autopsy a completely fibrosed pancreas. This case, however, was complicated by jaundice, as were also Bright's'5 cases of "fatty evacuation". Bright was inclined to the theory that the "fatty evacuation" resulted from pancreatic disease rather than from bile-duct obstruction, although he was never able to obtain a clear-cut case of pancreatic disease alone. However, in several cases of fatty diarrhea without jaundice, such as the two cases described by Walker87 and several given by Robson and Cammidge6" in their book on the pancreas, autopsies showed disease of the pancreas with no implication of the biliary system. The Pancreas in Caeliac Disease. The occurrence of steatorrhea in cceliac disease naturally has directed attention to the condition of the pancreas in autopsied cases. In four cases, those of Moorehead53, Miller49, and Bloch", the pancreas was found to be normal with no infiltration of cellular or fibrous elements. Poynton and Patterson's63 case was also practically negative, since the pancreas showed only small circumscribed areas of leukocytic infiltration between the acini with no fibrous change. In his monograph on intestinal infantilism Fanconi24 reviewed the post-mortem findings in six cases which came to autopsy, of which only one showed pathological change in the acinar cells of the pancreas, and he concluded that no anatomical basis could be found for the digestive disturbance.
On the other hand, several cases are reported with pathological changes in the pancreas at autopsy in which a diagnosis of cceliac disease seems warranted. Poynton, Armstrong, and Nabarro62 found a marked increase of interlobular fibrous tissue of the pancreas, particularly in the regions surrounding the ducts. Still's findings74 were similar, the appearance of the gland suggesting a "pancreatitis". Lehndorff and Mautner44, in their classic mono-122 graph on "Coeliakie", report one case of an extreme fatty infiltration and a decrease in size of the acinar cells of the pancreas and another case of atrophy of the acinar cells with proliferation of the interlobular connective tissue.
The Experimental Exclusion of Pancreatic Secretion from the Intestine
As the available autopsy material thus fails to establish a clear-cut relation between cceliac disease and pathological anatomy of the pancreas it seems desirable to attack the question of the etiology of the disease from another angle, that of the experimental elimination of the external pancreatic secretion from the intestine. Experiments of this sort date back to Claude Bernard9, who first demonstrated the digestive action of the pancreatic juice and who devised a method of destroying the pancreas by injecting oils and fats into the main duct. Of nine dogs treated in this fashion, only the ninth survived and this animal, although not appearing sick, passed greasy stools of undigested material and lost weight despite a voracious appetite. Applying these results to clinical medicine, Bernard cites a case described by de la Tremblaye in 1852 of a child of six years suffering from digestive disturbances which gave rise terminally to an abundant fatty diarrhea; at autopsy a diseased pancreas was evident. From his work on the pancreas, Bernard concluded that the pancreatic juice was essential for intestinal digestion.
Bernard's conclusion immediately met with great opposition from a number of investigators. This controversy was well reviewed by Abelmann' in 1890. Bidder and Schmidt10, and Berard and Colin6, noted fat in the intestinal lymphatics after feeding fat to animals in which the pancreatic ducts had been ligated. Claude Bernard considered that these investigators had either failed to ligate all the pancreatic ducts or had not waited long enough after the operation to eliminate the presence of pre-operative pancreatic juice. The experiments on the intestinal lymphatics cannot at the present time be considered as crucial ones, since it is now known that the intestinal secretion itself has lipolytic action (Leathes and Raper43). S. Pawlow00 ligated the pancreatic ducts of rabbits and observed no digestive disturbance or loss of weight. His drawings of the pancreas at autopsy show no evidence of fibrosis of the gland. Langendorff42, on the other hand, found that after ligation of all the pancreatic ducts, pigeons lost fifty per cent in weight, ate ravenously, passed three to four times the normal quantity of stool, and died of inanition within six to twelve days. A result similar to that of Langendorff's in pigeons was obtained by Arnozan and Vaillard3, who noted a loss of weight in rabbits despite a normal food intake.
After the work of Claude Bernard, the next great impetus to investigation on the functions of the pancreas was given by the discovery of the relation of 123 the pancreas to glycosuria by von Mehring and Minkowski86 in 1890. These authors reported in their depancreatized dogs, voluminous stools and an abundance of free fat and undigested muscle fibers in the feces after the ingestion of meals containing fat or meat respectively, a sequence of events already noted by Claude Bernard after the simple exclusion of pancreatic juice from the intestine by the injection of mutton fat into the ducts. The effects of pancreatectomy on intestinal digestion were further investigated by Abelmann, a student of Minkowski, who analyzed the feces of seven depancreatized dogs for nitrogen, fat, and carbohydrate. With total removal of pancreas, an average of 90 per cent of the ingested fat and 55 per cent of the ingested nitrogen were recovered in the feces. When a small piece of pancreas, not connected with the intestine, but sufficient to prevent glycosuria was left, only 55 per cent of the ingested fat and 45 per cent of the ingested nitrogen were excreted in the stools.
This matter of the possible beneficial effect on absorption of a retained piece of pancreas having no connection with the intestine was taken up again by Lombroso45 in 1906. He claimed that there was little or no disturbance of the nitrogen and fat absorption when the "two" pancreatic ducts of the dog were ligated. Removal of the remaining fibrotic pancreas, however, led to a severe interference with fat absorption, from 50 to 100 per cent of the ingested fat being recovered in the stools. In this paper, Lombroso makes no statement as to the histological condition of the pancreas on removal at the second operation.* Hess35 attacked Lombroso's work, stating that Lombroso failed to ligate all the pancreatic ducts, as the dog frequently has three or four ducts. In 14 dogs on which duct ligation was performed, Hess observed no change in fat and nitrogen absorption when one or two ducts, surrounded by normal pancreatic tissue, were found at autopsy, but he noted marked interference with nitrogen and fat absorption in the one case in which a completely sclerotic pancreas was disclosed at autopsy. Hess, therefore, denies any favorable effect of a retained sclerosed pancreas on absorption. Burkhardt"9, working in Minkowski's laboratory, agreed with Hess, claiming poor absorption when all the pancreatic juice was excluded from the intestine.
However, Fleckseder25, Nieman55, Brugsch"7, and Lombroso46 concurred that exclusion of the pancreatic secretion from the intestine has no effect on fat and nitrogen absorption.
On the contrary, the more recent work, beginning in the United States The possibility, from autopsy evidence, of some relation of the pancreas to coeliac disease, the conflicting results on the importance of the external pancreatic secretion for intestinal digestion and absorption, and the lack of studies on the growth rate and development of young animals after pancreatic duct ligation furnished the impetus for the present investigation.
Experiments on the Rat
The rat was first selected as an experimental animal because of the ease of control of the fat and vitamin content of its diet and because the growth curves of this animal are well known. The rats were obtained in litters of five to six soon after weaning. They were kept singly in wire cages. The diet was the same as that being used in the laboratory of Physiological Chemistry of Yale University and consisted of a mixture of 50 per cent dextrin, 25 per cent casein, 20 ensiform process. The duodenum was brought to the surface and the bile-duct injected with sterile methylene blue to render the pancreatic ducts visible. The main ducts, varying in number from three to five, were tied off by double silk ligatures. It was impossible to tie off the innumerable small ducts, usually only a millimeter or two long, which were seen entering the bile-duct. The abdomen was closed by two sets of silk sutures, one through the muscles and the second through the skin. The animals withstood the operative procedure well and were active and feeding within a day after the operation.
Routine Methods. The total feces were collected from each animal for ten-day periods and analyzed for fat content by the wetextraction method of Saxon70 [71] [72] [73] [74] [75] [76] 84 days. In each litter one of the animals was kept as an unoperated control, in one animal of each litter the bile-duct was ligated near the duodenum, and the others were subjected to pancreatic duct ligations, the cases in which the methylene blue injection of the bile-duct was unsatisfactory, being kept as further controls. Ten unrelated adult rats were also subjected to similar operations. The animals were weighed at intervals of about a week.
Results. As regards growth rate, no difference was noted between the control animals and those in which the main pancreatic ducts had been ligated. The growth curves for the four litters and the group of adult rats are similar to those given by Smith and Bing" as normal for the rat. It is, then, clearly shown that ligation of the main pancreatic ducts has no effect on the rate of growth of the rat. It is to be remembered that all of the acinar tissue was not obstructed by the operative procedure used.
For each animal one to three lots of feces were analyzed for fat. In the controls the fat content ranged from 6.1 to 17.9 per cent (average 11.8 per cent). In experimental animals, the range was between 8.5 and 25 per cent (average 18.6 per cent). Considering the relatively small difference between the results in operated and in control animals, these figures were subjected to a statistical analysis. The standard deviation of the results in the control animals is ± 3.0 per cent, and in the operated animals, + 4.7 per cent, while the standard deviation of the average is + 0.7 per cent and ± 1.0 per cent in each group respectively. The standard deviation of the difference is + 1.2 per cent, and since the difference between the per cent of fat in the dry stools in the two groups of animals is 6.8 per cent, or five times the standard deviation of the difference (± 1.2 per cent), the results must be considered as significant.
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Since the weight of the stools is substantially the same in both groups of rats, some decline in fat absorption as a result of occlusion of the main pancreatic ducts is demonstrated, but the difference is too small to affect the growth or health of the rat when the food is abundant as in these experiments. The stools of the experimental animals did not differ from those of the controls in appearance, consistency, weight, or volume. Fat determinations on several young, normal rats showed a greater fat excretion in these young animals than in older animals. with restoration of yeast growth was resumed. The absence of codliver oil alone from the diet did not inhibit growth, even though the animals were kept out of direct sunlight. The preparation of casein used in the basal diet was a commercial product which is not free of vitamin A and this may explain the persistence of growth in the absence of cod-liver oil. Presumably the mild defect in fat absorption resulting from these operations was not accompanied by any gross defect in the absorption of vitamin A that could be detected in these experiments.
In four animals the bile-duct (the hepato-pancreatic duct) was ligated at its entrance into the duodenum. This procedure excludes all the bile and pancreatic juice from the intestine. These animals exhibited a marked jaundice, stopped growing entirely, and died within two to five weeks after operation. The stools were acholic and in two of these animals in which the stools were analyzed 45 and 57 per cent of fat was found, a marked increase over the normal figures. This increased fat content was also evident on determining the specific gravity of the stools which, in the case of bile and pancreatic duct obstruction, ranged from 0.6 to 0.7 gm. per cc. as compared to the normal specific gravity of rat stool, ranging from 0.9 to 1.0. Whether this increased percentage of fat and the accompanying low specific gravity resulted from the absence of the bile or of the pancreatic juice individually can not be determined from this experiment.
These jaundiced animals exhibited a progressive anemia, the red blood count just before death being less than one-third the normal value. The data on the blood counts are given in Table 1 . Peyton Rous and Drury68, Snell, Greene, and Rowntree73, and Jordan and Greene40 have demonstrated a similar decrease, measured in terms of hemoglobin, after ligation of the bile duct in dogs. The same effects are noted in man by Jordan and McVicar39. It may be added that after ligation of the main pancreatic ducts the red blood count was found to be within the limits of normal as given by various authors for the rat (Scarborough71).
Owing to the fact that Freise and Walenta27 claimed to have reproduced cceliac disease in the pig by removal of the cceliac ganglion, this ganglion was extirpated in three rats. No effect was seen upon the rate of growth or in the appearance and fat content of the stools of any of the three animals. This paper by Freise and Walenta is not very convincing, as they present figures on intestinal absorption from only one of the several operated animals and do not give the variation in composition of the stools of their normal animals, or the results obtained in the other operated animals.
Autopsy Findings. All the experimental animals were autopsied. The most uniform finding was the fatty degeneration of the splenic portion of the pancreas which comprises about half the gland and is drained by a single large duct. This is the largest of the pancreatic ducts, always shows up on injection, and is always ligated. The fatty degeneration was grossly visible and on microscopic section appeared as typical adipose tissue containing a few areas of insular tissue enclosed by fibrous connective tissue. The remainder of the pancreas which lies along both sides of the bile-duct showed no macroscopic change, but in histologic sections was found to consist partly of fibrous tissue containing degenerating acini, but mostly of normal acinar tissue with islands of Langerhans interspersed. Upon injection of the bile-duct with methylene blue no ducts filled at the places where, as recorded by diagrams made at the time of the operations, ligatures had been placed, but several ducts 2 to 3 mm. in length, not originally demonstrated, and the normal number of tiny ducts were revealed. Pre-130 sumably some of the many minute ducts had hypertrophied following the operation. Obviously then, a considerable portion of the pancreas continued to drain into the bile-duct despite the ligation of the main ducts.
It is concluded that in the rat, the complete exclusion of the pancreatic juice is impractical, owing to the impossibility of ligating all the innumerable, tiny pancreatic ducts. In the present experiments, although it is estimated that about one-half of the gland was destroyed following ligation of the main ducts, pancreatic juice sufficient for practically normal absorption was secreted. Consequently, it was thought desirable to try some more suitable experimental animal.
Experiments on the Cat The cat was then selected because the single main pancreatic duct can easily be found and ligated. This duct joins the bile-duct at their common entrance into the duodenum, as in man. There is MAIN The experimental animals consisted of three litters of two, four, and six kittens, and four unrelated half-grown cats. They were kept singly in wire cages and were let out, at times, for exercise. The food consisted of a mixture of lamb liver and evaporated milk in the proportion of four to one by weight. One gram each of yeast and of sodium chloride was added to each 100 grams of liver. In certain cases chopped beef muscle was used instead of liver. The animals were given daily as much of this food as they would eat and the amounts consumed recorded. Water was given ad lib. A few drops of cod-liver oil were given about every two weeks.
Operative Procedure. The operation was performed in the same manner as with the rats. To reveal the main pancreatic duct small bits of pancreas were dissected away at the place where the bile-duct enters the duodenum. These pieces of pancreas were sectioned as pre-operative control specimens, and in all instances were found to be normal histologically. The main duct was then injected with methylene blue to render the accessory duct visible. Both ducts were securely ligated, and the incision was closed.
Routine Methods. The excreta were caught in pans beneath the cages so adjusted that the urine and the feces could be collected separately. The stools were collected every two to four days, the samples intended for nitrogen determinations being placed in 15 per cent acetic acid to avoid loss of ammonia. The food and the stools were analyzed for total fat, soaps, fatty acids, neutral fat, and total nitrogen. The total fat was determined by the method already given. The soaps, fatty acids, and neutral fats were analyzed according to the methods described by Peters and Van Slyke61. The total nitrogen was determined by the usual Kjeldahl method. The animals were weighed weekly.
Results. In the majority of cases the pancreatic duct ligation was successful, as subsequently demonstrated by autopsy. The general effects of complete exclusion of the pancreatic juice from the intestine by this method were as follows. The stools were increased in amount, reaching three to four times the normal weight. The stools from animals on the liver diet contained numerous cells resembling the liver cells in the food; after meat feeding there was much undigested striated muscle in the feces. Such undigested cellular elements were not present in the stools of unoperated control animals. However, no free fat globules could be demonstrated by Sudan III in the stools of either operated or control animals, even though the ingested food contained an abundance of such fat 132 droplets due to its content of milk. The stools of the normal controls were always black throughout, because of the digested hemoglobin originating from the blood in the food. In the operated animals the stools were black on the surface, but sometimes brown or red in the center, indicating that only superficial digestion of hemoglobin had occurred. Occasionally the stools, although formed, appeared completely undigested, resembling the food mixture as given. Food marked with carmine was found to pass through the intestines in from 48 to 72 hours in normal cats and in from 5 to 24 hours in experimental animals.
Despite approximately normal food intake, the animals began to lose weight immediately following operation and this loss of weight continued until the animal died of emaciation or until the experiment was terminated. The contour of the abdomen was consistent with the emaciation and in no instance was the abdomen protuberant. The animals, for some weeks after the operation were active and normal in appearance and behavior, exhibiting no irritability. During the last few weeks of the emaciation they showed less activity and appeared definitely sick. No permanent glycosuria appeared.
Of the experimental group of 16 cats, 7 typical growth curves are given in Graphs 2, 3, and 4. The normal increase in growth is shown by Cat 4B (Graph 2) and Cat 24 (Graph 4). The increase in weight follows a curved line upward during the growing period and flattens out when maturity is attained (Cat 4B). The growth curves for the four animals in which the pancreatic ducts had been incompletely ligated, as shown by autopsy findings, are identical with those of the unoperated cats and hence serve as excellent controls for growth, eliminating the factor of operative trauma. These are illustrated by Cat 25 (Graph 4). The pre-operative growth curve for the eight successfully ligated animals is normal up to the time of operation, but thereafter declines sharply, as illustrated by Cat 4A (Graph 2), and Cats 22 and 23 (Graph 3).
In two animals, of which cat 4A is an example, after an initial loss of weight lasting from 7 to 10 weeks, a gain in weight occurred. At the same time, the amount of food consumed per day increased by from 1.5 to 2 times the normal weight of food eaten previously (Graph 2 The table above shows the per cent of fat in the dry stools, the grams of fat eaten, the amount excreted during a period of 4 days, and the total percentage of fat excreted. In most of the cases preoperative specimens were analyzed.
The per cent of fat excreted in the experimental animal greatly exceeds the normal. The normal fat excretion averages 12 per cent for young cats (Table 2) , while after operation the fat excretion reaches the extreme figure of 90 per cent of the fat intake. These data establish beyond question that in the young cat, exclusion of the pancreatic juice from the intestine almost completely abolishes fat absorption. It may be advisable to note that in animals, under control conditions, with a constant diet and uniform activity, the percentage of fat in the dry stools varies greatly, from 19 to 48 (Table 2 ). It is obvious that a single determination of the percentage of fat in a stool specimen is not a fair estimate of the fat excretion. Yet many clinical and experimental reports are based on just such single analyses made before and after medication.
The results of an attempt to fractionate the total fat into soaps, fatty acids, and neutral fats are given in Table 3 . As the errors Table 3 indicate a high per cent of soaps in normal stools as compared with the negligible soap content of the food and of the feces of operated animals. Some increase in the content of fatty acid occurred after operation. These results are puzzling, but it may be suggested that in operated animals the feces pass so rapidly through the intestines that fatty acids fail to combine with salts to form soaps, as apparently occurs in normal animals. Consequently, the soap content is low and the fatty acid content is high in operated as compared to normal animals. However, the data, considering the inaccuracies of the method, are too few to justify definite conclusions.
Nitrogen Excretion in the Stools. The nitrogen excretion in the stools, given in Table 4 , also shows a serious interference with absorption, although the effect is less marked than in the case of fat. The percentage of nitrogen in the dry stools is remarkably constant within the groups of control and operated animals, although approximately 30 per cent higher in the latter. The amount of ingested nitrogen is approximately the same in the pre-operative and post-operative samples but the amount excreted is six times as great in the latter. Again a failure of absorption is noted, this time in the nitrogen. The percentage of ingested nitrogen excreted in the feces averages 6 per cent in the normal and increases to 40 per cent after operation. It is concluded that in the young cat, exclusion of the pancreatic juice from the intestine interferes seriously not only with fat, but also with nitrogen absorption. It may again be emphasized that these figures for nitrogen excretion are remarkably constant from one animal to another as compared to the results on fat analyses.
Water Excretion in the Feces. Although the stools after pancreatic duct ligation are bulky, they do not suggest a true diarrhea. To obtain a quantitative measure, the data on the water content of the stools have been averaged. The percentage of water in the stools is unaltered, and amounts to 56 Relation of Weight of Food Intake to Stool Weight. The decrease in digestion and absorption of food in the absence of pancreatic juice can also be shown by tabulating the relation of food intake per unit of time to the weight of stool excreted in that time. These figures show that in control cats, the weight of the stools was 6 per cent of the ingested food, while in the operated cats it was 28 per cent. This difference is found in spite of essentially the same food intake in both groups.
This difference in absorption, as evidenced grossly, at once suggests a simple method for determining whether pancreatic juice is 140 or is not active in the intestine. As time did not permit complete chemical analysis in all cases, the only observations made in some cases consisted of the determination of the ratio of stool to food weight expressed in per cent.
There were four exceptional cases for which no definite explanation can be offered. In these, pancreatic duct ligation was not complete and part or all of the pancreas was found to be normal at autopsy. In all four animals the ratio of the weight of the stool to that of the food ingested remained at first approximately the same as before operation (6 per cent), but after one to three weeks rose to values like those of successfully ligated animals (24 per cent), subsequently declining to the original pre-operative figures (5 per cent). The cause of the temporary failure of absorption in these animals, later found to possess an adequate amount of pancreatic tissue, is obscure.
Feeding of Raw Pancreas and of "Glycerine Pancreatin". Several workers have reported good effects after feeding raw pancreas, pancreatic extract, or pancreatic juice after experimental exclusion of the pancreatic secretion from the intestine (Abelmann', Burkhardt"9, Pratt, Lamson, and Marks64, and McCaughan48). A large number of clinical cases diagnosed as pancreatic deficiency are recorded in which administration of pancreas or pancreatic extract wras reported to have had excellent and even remarkable results (Bramwell"3 14, Tileston84). These reports are only rarely accompanied by quantitative data and even when they are, the figures are not conclusive.
The effect of the administration of raw pancreas was tried in two of the experimental animals. These two cats were fed daily for four days, a diet consisting of raw, chopped pancreas threefourths and of the usual liver-milk mixture one-fourth. In but one of these cats was a decrease in the amount of stool observed during this period. This animal began to gain weight (Graph 2). Each animal was then given, for another ten-and fourteen-day period, a diet consisting of one-half liver-milk mixture and onehalf of "glycerine pancreatin" (Armour). In both cases no decrease in the amount of stool occurred. Animal 4A (Graph 2) continued to increase in weight during the administration of pancreatic extract, but as this gain proceeded at the same rate long after pancreatic administration was stopped, it is doubtful if the improvement can be attributed to the pancreatic feeding (Graph 2). As shown in this graph the food intake of Cat 4A was being doubled during this time of weight gain and it is reasonable to assume that this factor rather than any therapy was responsible for the increase in weight.
The glycerine extract was added to the food of several other animals, but the only results considered are for the three animals, numbers 22, 23, and 26 (Graph 3), eating adequate amounts of the mixture. In these three cases no definite beneficial effect of pancreatic extract on digestion or weight was evident. In general, Post-op. 15 6,300,000 -80  14  6  21  15  40  7,500,000  80  80  10  10  22  18  35  7,500,000  80  26,000 86   1 1  1  2  2  88  55 5,500,000 65 20 ,000 50 39 4 7 these tests, which are admittedly inadequate, fail to show any improvement following the use of glycerine pancreatin, but possibly suggest some favorable action of raw pancreas. Roentgen Ray. Owing to the fact that coeliac disease often gives rise to an osteomalacia, believed by Parsons58 to be rachitic in nature, the long bones of operated and control cats were radiographed. No indications of bone changes were seen in operated animals which had been losing weight steadily for as long as ten weeks and were suffering from an extreme degree of emaciation.
Blood Count Studies. As a mild anemia is often one of the symptoms of coeliac disease (Lehndorff and Mautner44, Fanconi24) blood counts were done on five animals, four operated and one control (Table 5) . No evidence of anemia is seen in the operated cats as compared to the control animal.
Autopsy Findings. The pancreas, in the case of successful ligations, is always grossly altered, the amount of change depending on 142 the time elapsed since operation and varies from a pale, slightly hardened condition to a complete, white, hard fibrosis. The earliest stage examined, two weeks after operation, is characterized, microscopically, by some degenerative change in the acinar cells, a marked infiltration of mononuclear cells, and a slight increase in connective tissue. In later stages, three to five weeks postoperative, the amount of connective tissue steadily increases, the number of infiltrating mononuclear cells diminishes and the acinar tissue is hardly recognizable as such. In the final stage of fibrosis, six to ten weeks after operation, the gland is completely replaced by dense connective tissue except for the islands of Langerhans which persist throughout. In animals in which the duct ligation was incomplete. (Graph 4) the pancreas was found at autopsy to be fibrotic, except for one sharply defined area of normal pancreas whose anatomical relationship adjacent to the duodenum strongly indicated drainage into the intestine.
Since Allan, Bowie, Macleod, and Robinson2 report severe fatty infiltration of the liver in animals rendered glycosuric by pancreatectomy and kept alive and sugar-free with insulin, this anatomical change was especially sought for. Berg and Zucker7 also note a fatty infiltration of the liver of dogs after the operative production of a pancreatic fistula and after prolonged obstruction of the pancreatic ducts (80 days). In the animals of this experiment no such fatty infiltration was seen histologically. Nor was there any other abnormality noted in the liver of the cat after pancreatic duct ligation. However, in two animals subjected to complete removal of the pancreas, with resulting glycosuria, the severe fatty infiltration of the liver described by the above workers was seen.
The small intestine of operated animals showed no abnormalities grossly or microscopically. Elman and Hartman23 report the occurrence of duodenal ulcers in dogs following complete exclusion of pancreatic juice from the intestine. Berg and Zucker8, on the other hand, find no such peptic ulcers in their dogs under similar circumstances. In the present experiment no ulcers were found in the stomach or duodenum, macroscopically or microscopically. In all animals dying from the effects of pancreatic duct ligation the large intestine was found greatly distended with accumulated feces or gas, but showed no change in microscopic structure.
Sweet and Ellis76 and Davis, Hinton, and Killian22 found the thyroid transparent in appearance after pancreatic duct ligation in 143 the dog, and the latter authors describe the gland as resembling colloid goiter microscopically, although their drawings do not fully support this statement. In the present experiments on cats the thyroid gland was pale pink and translucent in all the operated cases and was equally translucent in all control animals. Microscopically the thyroids of operated cats were identical with those of normal controls. The decrease in the size of the spleen noted by Sweet and Ellis76 in the dog after pancreatic duct ligation was found in only one of the seven successfully operated cats in this study.
Macroscopically all the other organs, including the brain, eyes, bone, and bone-marrow, appeared normal. Microscopic sections *were made of the trachea, esophagus, heart, lungs, kidneys, adrenals, and gonads, none of which showed anatomical change, nor was keratinization noted in the trachea, bronchi, or esophagus.
Discussion
From these experiments it can be concluded that in the young cat complete exclusion of the pancreatic juice from the intestine produces the following effects: increase in weight of the stools to three or four times the normal weight, presence of undigested food particles in the stools, little or no fat absorption, reduced nitrogen absorption, and a progressive loss in weight despite a normal or even increased food intake. There is no increased concentration of water in the stools, hence no true diarrhea; no macroscopic fat, on the diet given; no anemia; no changes to be noted by Roentgen ray in the bone structure; and no protuberant abdomen, although the large intestine is always distended when the animal dies.
It may first be considered whether these effects coincide with the symptoms of cceliac disease. As given by Lehndorff and Mautner44 the principal characteristics of cceliac disease are: cessation of growth, emaciation (chiefly of the limbs), protuberant abdomen, bulky, light-colored stools containing gross fat but not diarrheic, a markedly diminished absorption of fat, nitrogen, carbohydrates, and salts, particularly of fats. These authors believe that the failure of absorption results from the rapid passage of food through the bowel rather than from a lack of digestion. On comparing these symptoms with the result of pancreatic duct ligation, it is evident that a certain resemblance exists between the two conditions. The principal similarities are the bulky, undigested stools, 144 failure of absorption, particularly of fat, rapid passage of food through the intestine, emaciation, and a distended colon at autopsy (Miller50 reports this finding in coeliac disease). On the other hand, the operated cats do not show the characteristic protuberant abdomen nor do they show any of the less constant symptoms of cceliac disease such as anemia, osteoporosis (Parsons58), or complications of vitamin deficiencies (Lehndorff and Mautner44, Haas32, Parsons59). Another striking difference concerns the growth curves. Cceliac children usually show little or no gain in weight, but generally do not exhibit a rapid, continued loss of weight such as was observed in the experimental cats directly after operation. On the whole, the cceliac syndrome in the child is a chronic disease extending over some months or years, while pancreatic duct ligation in animals produces more acute, severe symptoms. From these considerations it is evident that total lack of pancreatic juice does not completely reproduce cceliac disease. Furthermore, the results of these experiments indicate that only a small part of the pancreas is necessary for adequate growth and absorption of nitrogen and fat. Since the autopsies on well-defined cases of cceliac disease do not show complete atrophy or gross degeneration of acinar cells, the pancreas if it be the cause of cceliac disease, must be assumed to have a functional disturbance with an unrecognizable anatomical lesion. In diabetes, the insular lesions are apparently of this nature. At present, one can neither exclude the pancreas as a cause of cceliac disease nor prove that it is the cause. It may be that in these experimental animals, the alleviation of some of the defects of the severe malabsorption by the administration of one or two of the three pancreatic enzymes, might produce a chronic condition more nearly resembling coeliac disease.
A point of resemblance between the effects of pancreatic duct ligation in animals and cceliac disease in children is the flat sugartolerance curves reported in both conditions. Thaysen and Norgaard82 and Thaysen8" stress the finding that all three types of idiopathic steatorrhea (cceliac disease, sprue, and non-tropical sprue) have low, flat sugar-tolerance curves. Svensgaard75 also reports flat sugar-tolerance curves in cceliac disease. In experimental pancreatic duct ligations in dogs, Gelehr, Ladurner, and Unterrichter30 find a flat sugar-tolerance curve as compared to that of normal animals. It might be reasoned, on this basis, that these findings indicate a similarity between the results in experimental exclusion of the pan-145 creatic secretion from the intestine and the "idiopathic steatorrheas" of Thaysen. On the other hand, Thaysen and Norgaard82 state that in pancreatogenous steatorrhea in man the sugar-tolerance curve is of the diabetic type. It is difficult to understand why the absence of the external pancreatic secretion in man should give rise to a different sugar-tolerance curve than that found in experimental animals, unless it is assumed that in man the insular tissue is also involved in the pathologic process in the pancreas which gives rise to the steatorrhea.
Other steatorrheas which may be considered are sprue, and nontropical sprue, since Thaysen80 81 considers these diseases as similar to, if not identical with, cceliac disease. Their principal points of resemblance are the bulky, light-colored stools, loss of weight, malabsorption of fat, and an anemia (Ashford4 describes the anemia of sprue and its treatment). It is generally held that the pancreas shows no obvious anatomical change, either in tropical sprue, (Bastedo and Famulener5, Rogers67), or in non-tropical sprue (Blumgart") .
The same conclusion regarding the absence of anatomical involvement of the pancreas is reached by Thaysen77 from clinical data. He finds little or no disturbance in nitrogen absorption but considerable disturbance in fat absorption in four cases of tropical sprue and four cases of non-tropical sprue. Contrasted with this are his cases of pancreatogenous steatorrhea in which both nitrogen and fat absorption are seriously deficient. Because of this difference in nitrogen absorption in the two conditions, he concludes that in sprue the pancreas is not at fault, but rather that the steatorrhea is of enterogenous origin and "may be attributed to a reduction in resorptive capacity of the intestine in respect to the fatty substances".
On the other hand, Thomas Brown"6 found the duodenal contents in three cases of tropical sprue to be devoid of pancreatic enzymes. Administration of "pancreatin" resulted in marked improvement. The evidence of a relation between the pancreas and sprue is at present inconclusive and certainly no great resemblance exists between the entire syndrome of sprue and the condition produced in the experimental cats of this series by ligation of the pancreatic ducts.
Neither can any definite conclusion be drawn concerning the relationship of sprue to cceliac disease. Thaysen80 81, as emphasized before, believes that the identification of non-tropical sprue fur-146 nishes the connecting link in establishing the identity of all three conditions. Holmes and Starr38 believe that a striking similarity exists between their cases of non-tropical sprue and cases of tropical sprue and coeliac disease. Miller5", on the other hand, sees no basis for considering sprue and cceliac disease as similar, especially since the age distribution is so different. Thaysen80 answers this by assembling data showing that cceliac disease has been described in children of from eight to thirteen years of age as well as in young children one to five years of age as originally described by Gee, while sprue, although ordinarily a disease of adults is also known in children one to four years of age (van der Burg85). Much more experimental work is needed before any definite conclusion can be reached as to the similarity or the essential individuality of all these types of steatorrhea.
The disease complex which does resemble the syndrome produced in cats is that arising from various pathological conditions in the pancreas resulting in exclusion of the pancreatic juice from the intestine. This circumstance may result in adults from fibrosis of the pancreas (Walker87), pancreatitis (Tileston84), and pancreatic calculi (Thaysen79).
Since these experiments were done on young animals, it is obvious that the syndrome produced most closely resembles the diseases of the pancreas seen in children. The first case of this sort in which the steatorrhea existed since birth is that described by Garrod and Hurtley28 in 1913 under the name of "congenital familial steatorrhea". The case of Thoenes83 called "familial pancreatic insufficiency" is probably of the same sort, although the diagnosis in both cases was based solely on clinical history. Clarke and Hadfield2" report the same condition, apparently, under the name of congenital pancreatic disease with infantilism. Another case of this kind observed in this hospital in 1928 (to be reported) was an infant who died at eleven months and was found at autopsy to have a completely fibrotic pancreas. This patient developed these symptoms at birth, showed but a slight gain in weight during the first four months of life and no further gain although he lived almost a year. Two other infants in the family had previously died with the same symptoms. These cases of congenital pancreatic insufficiency are characterized by numerous, bulky, pale-yellow stools, marked deficiency in fat and nitrogen absorption, and general malnutrition. 147 Theoretically, all these conditions of pancreatic deficiency should respond to the administration of an active pancreatic preparation. It would certainly seem desirable to test the efficacy of various commercial pancreatic products by a well-controlled experimental method in animals. If the available preparations are found to be inadequate, research into the question of a proper method of extraction and administration of pancreatic enzymes should prove valuable.
Summary
An attempt was made to produce cceliac disease in young animals by the exclusion of the pancreatic juice from the intestine. In rats, total elimination of the external pancreatic secretion from the intestine is anatomically impractical because the pancreas drains into the bile-duct by from three to five main ducts and innumerable tiny ductules. After ligation of the main ducts in the rat no effects are observed upon weight, growth, health, or digestion, except for a slight increase in percentage of fat excreted in the stools. Autopsies showed a considerable amount of normal pancreas remaining.
Complete exclusion of the pancreatic juice was accomplished in the cat by ligating the main and accessory ducts. This procedure resulted in an immediate and continued loss of weight, the passage of three to four times the normal quantity of stool, an almost complete failure of fat absorption, a marked decline in nitrogen absorption, and an extreme emaciation leading to death. In each case where these effects followed the operation the pancreas was found at autopsy to be entirely lacking in normal acinar tissue. There were no other important autopsy findings. Whenever the typical effects failed to follow operation, autopsies showed some normal pancreas remaining.
In both rats and cats, results show that a fraction of normal pancreas is adequate to maintain growth and health. In two cats only microscopic examination revealed normal acini. Such a persistence of small amounts of normal acinar tissue probably accounts for many reports in the literature of the lack of effect of pancreatic duct ligation.
Cceliac disease is not reproduced in cats by excluding the external pancreatic secretion from the intestine. Because of the degree of similarity between the effects of pancreatic duct ligation and the 148 symptoms of coeliac disease, it is suggested that a dysfunction of only one or two of the pancreatic enzymes might produce a chronic condition more nearly resembling coeliac disease.
The symptoms of congenital pancreatic insufficiency and of pancreatic dysfunction in man are obviously identical with the effects produced in the cat by experimental exclusion of the pancreatic juice from the intestine. Treatment of these conditions would depend on the isolation of an active external pancreatic secretion.
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